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I .O INTRODUCTION 
Most metal l ic ,  and non-metallic sur faces  which are t o  be adhesively 
bonded are heavi ly  contaminated wi th  oxides,  o i l s ,  shop s o i l s ,  f i n g e r p r i n t s ,  
etc., and r e q u i r e  some cleaning treatment p r i o r  t o  t h e  bonding process. 
The importance of sur face  prepara t ion  and c l e a n l i n e s s  cannot be over- 
emphasized, t he re fo re ,  and many i n v e s t i g a t o r s  have shown convincingly t h a t  
t h e  performance and d u r a b i l i t y  of  t h e  adhesive bond i s  t o  a l a r g e  ex ten t  
governed by t h e  thoroughness of su r face  preparation. 
Surface contamination i n  t h e  form of  r u s t ,  scale, o i l ,  g rease ,  and 
d i r t  i s  usua l ly  obvious. 
may a l s o  be present ,  and represents  a much g r e a t e r  p o t e n t i a l  hazard f o r  
premature bond f a i l u r e .  Examples of t h e  l a t t e r  a r e  so lder ing  f l u x  r e s idua l s ,  
p e r s p i r a t i o n  i n  the  form of hand and f i n g e r  marks, ch lo r ides  from marine 
atmospheres, and s u l f a t e s  from i n d u s t r i a l  atmospheres. Greases and o i l s ,  
which lead t o  poor bond adhesion, a r e  gene ra l ly  e a s i l y  noticed and removed 
from t h e  s u r f a c e ,  Oxide and oxide-promoting agents ,  on t h e  o t h e r  hand, a r e  
much more i n s i d i o u s ,  and t h e  r eac t ions  leading t o  premature adhesive f a i l u r e  
may not  take  place u n t i l  t h e  a r t i c l e  has been i n  s e r v i c e  f o r  some t i m e  and 
exposed t o  a severe environment, f o r  example, high humidity o r  water immersion. 
Nearly i n v i s i b l e  contamination, on t h e  o t h e r  hand, 
2.0 ALWINUM 
Recognizing t h a t  contaminants on the  sur face  t o  be bonded can r e s u l t  i n  
premature f a i l u r e ,  considerable emphasis has been placed i n  recent  years  i n  
t h e  techniques of su r face  preparation. For example, i n  t h e  use of aluminum, 
techniques have va r i ed  from t h e  o r i g i n a l  concepts of so lvent  wipe, o r  sand 
and so lven t  w i p e ,  t o  vapor degreasing , t o  chemical treatments which provide 
complex chromates as a sur face  l aye r ,  t o  ac id  paste treatments,  t o  the most 
commonly u t i l i z e d  method today, of a dichromate-sulfric a c i d  d i p  treatment. 
However, i n  s p i t e  of t he  r a t h e r  ex tens ive  da ta  ava i l ab le  from mate r i a l s  
s u p p l i e r s  on adhesives a s  bonded t o  m e t a l l i c  su r f aces ,  l i t t l e  information i s  
gene ra l ly  a v a i l a b l e  on t h e  performance o r  bond s t r e n g t h  of  adhesively bonded 
j o i n t s  when exposed t o  t h e  weather. I n  Reference 1, it w a s  s t a t e d :  "It is  
commonly recognized t h a t  adhesive bonded j o i n t s  a r e  sub jec t  t o  d e t e r i o r a t i o n  
under adverse environmental condi t ions ,  Weather can have a de l e t e r ious  e f f e c t  
on the  polymeric adhesive i t s e l f  o r  on t h e  adherend. In  t h e  l a t t e r  case a 
weak su r face  l aye r  is formed (as i n  corrosion) and t h e  o v e r a l l  s t r eng th  of  
t h e  j o i n t  is reduced. The bond between the  adherend and t h e  metal i t s e l f  
may be s e r i o u s l y  a f f e c t e d ,  e s p e c i a l l y  i f  the  j o i n t  i s  s t r e s s e d  during t h e  
t i m e  o f  exposure". 
I n  t h e  s tudy  referenced a b w e ,  four teen  d i f f e r e n t  adhesives were 
appl ied  t o  2024-T3 grade aluminum i n  t h e  form of  lapped bonded specimens 
which were exposed t o  t h e  weather a t  Picatinny Arsenal,  New J e r sey ;  
Yuma, Arizona; and t h e  Panama Canal Zone; and a l s o  exposed t o  MIL-STD-304 
temperature and humidity cyc l ing  tes t .  A t y p i c a l  l a p  shea r  specimen 
gene ra l ly  u t i l i z e d  i s  shown i n  Figure 1, and represents t h e  type  u t i l i z e d  
a t  GE-RESD. A f t e r  a one yea r  exposure a t  t h e  P ica t inny  s i t e ,  i t  was shown 
t h a t  t he  bonded j o i n t s  prepared by sandblas t ing ,  as w e l l  as those  j o i n t s  
prepared wi th  t h e  commercial ac id  pas t e  treatment,  showed a cons iderable  
loss i n  s t r e n g t h ,  while those j o i n t s  prepared wi th  sodium dichromate- 
s u l f u r i c  ac id  treatment showed g r e a t e r  r e t e n t i o n  of s t r eng th .  It w a s  
concluded t h a t  t h e  a c i d  pas t e  and sandblas t  treatments r e s u l t e d  i n  a su r face  
more suscep t ib l e  t o  humidity a t t a c k  than d i d  t h e  ac id-d ip  t r e a t e d  su r face .  
Other s t u d i e s  conducted on aluminum (2) have examined f i l i f o r m  cor ros ion  
on a i r c r a f t  aluminum a l l o y s ,  both c l ad  and unclad, overcoated w i t h  var ious  
p ro tec t ive  pa in t  coa t ings .  
Another r ecen t  i n v e s t i g a t i o n  (3) was conducted t o  study cor ros ive  de- 
lamination of t e s t  panels r ep resen ta t ive  of t y p i c a l  a i r c r a f t  cons t ruc t ion .  
I n  p a r t i c u l a r ,  t h e  r e l a t i v e  cor ros ive  performance of c l ad  vs bare  alvminum 
a l l o y s  was eva lua ted ;  Fa i lu re s  observed on c l ad  a l l o y s  were considered t o  
be the  r e s u l t a n t  of galvanic corrosion i n  t h e  bond l i n e  due to d i f f e rences  
i n  electro-chemical p o t e n t i a l  between t h e  cladding and t h e  base a l loys .  
Table I lists t h e  p o t e n t i a l  of some commercial aluminum a l l o y s .  
ALLOY TEMPER POTENTIAL, VOLTS 
2024 T3 -0.68 
2024 T8 1 -0.80 
1230 --- -0.84 
70 75 T6 -0.81 
7072 --- -0.96 
5052 H34 -0.85 
-
TABLE 1. ELECTRODE POTENTIAL OF SOME COMMERCIAL ALUMINUM ALLOYS (3) 
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Figure 2 shows t h e  progressive p i t t i n g  a c t i o n  observed i n  bare  and 
4 c l a d  a l l o y s ,  and shows t h a t  p i t t i n g  is less l i k e l y  t o  take  place on c l a d  
a l l o y s ,  and where p i t s  do form t h a t  pene t ra te  t o  t h e  base a l l o y ,  l a t e r a l  
growth i s  i n i t i a t e d .  This la teral  cor ros ion  growth r e s u 1 t s . h  more severe 
degradation of  t h e  bonded i n t e r f a c e  than does t h e  p i t  growth c h a r a c t e r i s t i c  
of t h e  bare  a l l o y ,  and i n i t i a t e s  a bond delamination f a i l u r e .  
An i nves t iga t ion  had been conducted in-house (4) t o  eva lua te  t h e  effects 
of humidity on epoxy bonded l a p  j o i n t s  exposed t o  an environment more severe 
than the  MIL-A-5090 requirements. 
shown i n  Table 2. 
The exceptions t o  the  environment a r e  
MIL-A-5090 
120°F (322'K) 
Exposed a rea  2 l i n e a l  
inches (50.8 m) 
TEST CONDITIONS 
160°F (344.3OK) 
Exposed area 3 l i n e a l  
inches (76.2 mm) 
Panel suspended v e r t i c a l l y  
f o r  drainage. moisture condensation. 
Panel l a i d  f l a t  t o  allow 
TABLE 2. TEST CONDITIONS (4) 
The eva lua t ion  was conducted on 2024-T3 bare  aluminum. Aluminum 
treatments p r i o r  t o  bonding included so lvent  degreasing f o r  a l l  panels 
w i th  one s e t  rece iv ing  a dichromate-sulfuric a c i d  d i p  treatment,  and 
t h e  o t h e r  set  a commercial ac id  paste treatment.  Lap shear  u l t imate  
s t r e n g t h  da ta  were obtained i n  t h e  temperature range -75OF (213.7OK) t o  
+400°F (477.6'K) p r i o r  t o ,  and a f t e r  a fourteen (14) day exposure t o  a 
re la t ive humidity of 95 + 5 - 0%, and a temperature of 165 2 5OF 
(347 5 2.8OK) i n  an automatically con t ro l l ed  chamber. 
Figure 3, ind ica t ed  t h a t  although an approximate 25% decrease i n  l ap  shear  
s t r e n g t h  was r e a l i z e d  as a r e s u l t  of t h e  humidity exposure on t h e  a c i d  pas te  
t r e a t e d  su r face ,  no adhesive f a i l u r e s  were noted and t h e  degraded property 
va lues  were adequate f o r  t he  p a r t i c u l a r  d e s i g n , '  Although s l i g h t l y  higher 
i n  va lue ,  t h e  a c i d  d i p  va lues  decreased i n  a similar manner, and a s  ind ica ted  
above (l), t h e  a c i d  d i p  t r e a t e d  su r face  r e t a ined  a g r e a t e r  percentage of 
The da t a ,  shown i n  
- \  
i 
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strerigth.  Tes t  specimens were of the  conf igura t ion  shown i n  Figure 1. 
It must be emphasized t h a t  t h i s  da t a  was obtained on non-porous adherends. 
It w i l l  be shown t h a t  i n  t h e  case of one non-porous and one porous adherend, 
t h e  environmental degradation i s  more severe.  
3.0 CORK - ALUMINUM 
I n  t h e  case  of one porous adherend, t h e  e f f e c t s  of humidity exposure 
may be considerably more severe a s  is evidenced by a r ecen t  bonding problem 
on an in-house p ro jec t .  An i n s u l a t i v e  ma te r i a l ,  r econs t i t u t ed  cork  i n  a 
r e s i n  mat r ix  i n  shee t  form, is  bonded i n  a b r i c k  p a t t e r n  t o  t h e  e x t e r i o r  
su r face  of an aluminum c o n i c a l  shape as t y p i f i e d  by Figure 4. A t y p i c a l  
c ros s - sec t ion  of t h e  in su la t ed  s t r u c t u r e  i s  shown i n  Figure 5 .  
Prepara t ion  of t h e  o u t e r  su r f ace  of the  aluminum faced aluminum honey- 
comb s t r u c t u r e  included so lvent  c leaning ,  app l i ca t ion  of a commercial ac id  
pas te  t rea tment ,  p ressure  r i n s i n g  w i t h  water u n t i l  t h e  drippings from t h e  
s t r u c t u r e  were n e u t r a l ,  and an a i r  dry period. 
The cork i n s u l a t i o n ,  pre-cut ( l o f t ed )  t o  s i z e ,  was placed on t h e  
s t r u c t u r e  by placing t h e  edge of t h e  shee t  i n  con tac t  f i r s t ,  t o  sweep any a i r  
entrappment t o  the  edge of the  shee t .  
a t h i n ,  N .005" (.13 nnn) l a y e r  of  an u n f i l l e d  epoxy-polyamide adhesive,  a s  
d id  t h e  faying su r face  of  t h e  aluminum. 
p a t t e r n ,  was taped t o  i t s  ad jo in ing  s h e e t ,  and a f t e r  completion of t h e  lay-up, 
t h e  e n t i r e  assembly w a s  vacuum-bagged and cured a t  an e l e  a t e d  temperature of 
135'F (330.4OK) f o r  four  (4) hours a t  29" Hg (97.929 x 10 
a s  a po r t ion  of t he  requi red  t e s t i n g  of an aerospace assembly, t h e  cork 
in su la t ed  s t r u c t u r e  was exposed t o  a s e r i e s  of cumulative tests: 
i Pr io r  t o  con tac t ,  each shee t  received 
Each s h e e t ,  appl ied  i n  a b r i c k  
Y N/M2). Subsequently, 
1. Three day c y c l i c  humidity p e r  Figure 6 .  
2. Seven day c y c l i c  humidity per Figure 6 .  
3 .  A t empera tu re / a l t i t ude  t e s t  t o  expose t h e  bonded assembly 
t o  rap id  depressur iza t ion  t o  one t o r r  and O°F (255.4'K), 
r ep resen ta t ive  of an  a l t i t u d e  and temperature of 150,000 
f e e t  (45.7 kilometer) 
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Upon removal from t h e  tempera ture /a l t i tude  chamber, l a rge  a r e a s  of 
unbond were observed a t  t h e  edges of  t h e  cork  "brick work", and also 
"bubbled" l i f t e d  a reas  i n  t h e  c e n t e r s  of  some of . the  cork i n s u l a t i v e  
panels. 
p i t  a r eas  such as shown i n  Figure 2A, but more importantly,  g ros s  de- 
lamination of t h e  cork  and e n t i r e  epoxy bond system from t h e  aluminum 
subs t r a t e .  A second assembly was then t e s t e d  wi th  s i m i l a r  r e s u l t s ,  as 
were test panels e s p e c i a l l y  prepared t o  eva lua te  t h e  co r ros ive  de l imina t ion  
problem. 
permeation from the  cork seams, o r  was moisture pene t ra t ion  through t h e  
cork, test assemblies were prepared i n  t h e  normal fashion, except with a l l  
cork seams sea led  w i t h  var ious  gener ic  sealers. It became quick ly  obvious 
t h a t  seam sea l ing  o f fe red  no advantage, moisture permeation of t h e  cork 
matrix w a s  undoubtedly t h e  c u l p r i t ,  and t h a t  t h e  a c i d  pas te  t r e a t e d  sur face  
was more suscep t ib l e  t o  delamination than an aluminum oxide paper sanded 
and so lvent  cleaned su r face .  
Sectioning of t h e  f a i l u r e  areas ind ica t ed  the  presence of a few 
To determine whether t h e  delamination w a s  i n i t i a t e d  by moisture 
T e s t  assemblies were then f ab r i ca t ed  u t i l i z i n g  s e v e r a l  primers, including 
standard adhesion promoting types,  and s e v e r a l  an t i - co r ros ive  primers. I n  
a l l  cases  where the  an t i - co r ros ive  types of pr imers  were u t i l i z e d ,  no l i f t i n g  
or delamination of t h e  cork was observed, and i n  subsequent panel t e a r -  
downs, no cor ros ion  was evident on t h e  aluminum sur face .  
epoxy-polyamide primer w a s  s e l ec t ed  a s  the  most compatible wi th  the  e x i s t i n g  
epoxy adhesive. 
pigment. The generz l  app l i ca t ion  procedure is: 
Subsequently, an 
The p r i m e r  is green i n  c o l o r  and conta ins  strontium chromate 
1. 
2. 
3. 
4. 
5 .  
6. 
7. 
Solvent c l ean  t h e  aluminum wi th  acetone o r  Methyl Ethyl  
Ketone (MEK). 
Uniformly sand w i t h  240 g r i t  aluminum oxide paper. 
Vacuum t o  remove sanding residue. 
Solvent c l ean  wi th  acetone, followed by a low r e s i d u a l  
denatured alcohol.  
Oven dry one (1) hour a t  125'F (324.8OK). 
Spray apply the  epoxy primer t o  a dry  f i l m  thickness o f  
0.002 inch (0.05 rmn). 
A i r  d ry  f i f t e e n  (15) minutes, and oven cu re  a t  200°F 
(366.5OK) f o r  two (2) hours. 
I -  
- /  
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Once primed, 
periods up t o  s i x  
Pr ior  t o  adhesive 
the assemblies may be s tored a t  ambient conditions f o r  
(6) months p r io r  to cork insu la t ion  adhesive bonding. 
appl icat ion and vacuum-bag bonding as described above, 
the  primed assembly is: 
1. Solvent cleaned w i t h  low residual  denatured alcohol. 
2. Uniformly sanded using 240 g r i t  aluminum oxide paper t o  
remove a l l  surface gloss.  
Vacuum cleaned t o  remove sandtng residue. 
Solvent cleaned with MER and allowed t o  a i r  dry f o r  one 
(1) hour. 
3. 
4. 
- NOTE: Step 1 may be omitted i f  the primed assembly has not 
been s tored a f t e r  primer cure. 
Since incorporation of the anti-corrosive primer i n t o  the bonding system, 
no humidity f a i l u r e s  have been encountered on tha t  assembly i n  a two (2) 
year manufacturing period. 
1 r 
4.0 CORK . TITANIUM 
Mindful'of the pr ior  environmental problems associated with corrosive 
delamination, when a recent program required adhesive bonding of cork t o  
t i tanium a l l o y  6-Aluminum -4 Vanadium, a test program was immediately 
establ ished t o  ve r i fy  t h e  need fo r  an anti-corrosive primer i n  the bond 
system. 
Since the assembly precluded the use of d ip  treatments, o r  those 
requiring a r inse  a f t e r  treatment, panels nominally 12 inch x 12 inch 
x 0.060 inch (304.8 x 304.8 x 1.52 mm) were prepared a s  follows: 
1. Solvent clean w i t h  MEK. 
2. 
3. Solvent c lean with MEK. 
Sand with 240 g r i t  aluminum oxide paper. 
One-half of the t e s t  panels were then primed w i t h  the chromatelepoxy primer 
u t i l i z e d  f o r  the aluminum bond e f f o r t s  described above, and a l l  panels were 
bonded with 0 . 2 5  inch (6.35 mm) cork u t i l i z i n g  a f i l l e d ,  f l ex ib i l i zed ,  epoxy- 
amine cured adhesive. 
After  t he  cure,  the  panels were exposed t o  three (3) cycles of  
temperature-humidity per Figure 6 and inspected f o r  unbonds. 
inspection, the  panels received seven (7) more cycles  p e r  Figur 
were again inspected. 
humidity, the  panels were'exposed to  a twelve (12) hour sa l t - fog  tes t ,  
and again inspected. 
A f t e r .  
Upon concluskon of the ten  cycles of temperature- 
The sa l t - fog  conditions were a s  noted i n  Table 3 .  
CHAMBER CONDITIONING 
16 Hours Prior t o  T e s t  
95OF + 20' - 5O (308.2OK + 11.1 - 2.8) 
T E S T  CONDITION 
12  Hour Cycleo 
95OF + 2O - 4 
Sa l t  Conc. = 3.6 2 0.1% 
(308.2OK+ 1.1 - 2.3) 
TABLE 3. SALT FOG CONDITIONS 
The tes t  r e s u l t s  are tabulated i n  Table 4 and show t h a t  only the 
panels primed with anti-corrosive primer can successfully pass the vehicle  
pref l igh t  test environment. Use of the anti-corrosive p r i m e r  has, therefore ,  
been incorporated i n t o  t h i s  system as  pre-bond requirement. 
5.0 SUMMARY 
The use of an ant i -corrosive primer has been shown t o  be e s s e n t i a l  t o  
assure survival  of a bonded s t ruc tu re  i n  a h o s t i l e  environment, par t icu lar ly  
i f  a s t r e s s  is  t o  be applied t o  the adhesively bonded j o i n t  during the  
environmental exposure. 
For example, the Lockheed L-1011 TriStar  assembly, a f t e r  exhaustive 
evaluation t e s t s  spec i f ies  use of chromate f i l l e d  inh ib i t i ve  polysulfide 
sea l an t s ,  and use of corrosion inh ib i t ing  adhesive primers pr ior  t o  s t r u c t u r a l  
bonding with f i lm adhesive ( 5 ) .  
The day of corrosion-resis tant  primers i s  j u s t  beginning t o  dawn, and 
no bonded assembly subject  t o  a humid environment should be designed without 
consideration of corrosive delamination, and i t s  catastrophic  e f f ec t s .  
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FIGURE 1 
TYPICAL LAP SHEAR SPECIMEN 
A. BARE 
FIGURE 2 .  
B .  CLAD 
PROGRESSIVE P I T T I N G  OF BARE AND 
CLAD ALUMINUM I N  A CORROSIVE ENVIRONNENT (3) 
i 
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. FIGURE 4 
CORK INSULATED STRUCTURE 
4 
FIGURE 5 
TYPICAL STRUCTURE CROSS -SECTION 
CORK 
EPOXY ADHESIVE 
ALUMINUM 
FILM ADHESIVE 
ALUMINUM HONEYCOMB 
FILM ADHESIVE 
ALUMINUM 
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